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forceps, it is difficult to insert and remove the LITE 
forceps into and from a patient rapidly, as required. This 
is a serious problem during an endoscopic procedure, 
because many various kinds of instruments are used and 
these instruments need to be continually switched 
frequently and rapidly according to the surgical status. 
To solve this problem, in this research, we aimed to 
develop a new concept for LITE forceps having multiple 
functions, which we call two-way LITE forceps. 
2. Two-way LITE mechanism 
Fig. 1 shows the structure of the proposed two-way 
LITE mechanism. The structure is made up of parts and 
pin joints that can be rotated with one degree of freedom. 
The forceps using the two-way LITE mechanism have a 
thin rod-shape and can be inserted into a trocar for 5 
mm forceps. These forceps can be used as two different-
sized graspers by transforming its end-effector. One of 
the graspers is similar in diameter to the maximum 
dimension of the main shaft of the forceps. The other 
larger grasper has a port size identical to the LITE 
forceps developed in our previous study. In this research, 
we designed the functionalities of the thinner and larger 
graspers to be equivalent to those to the 5 mm and 10 
mm graspers, respectively.  
2.1. Transformation procedure and mechanism 
Fig. 2 outlines the transformation process of the 
proposed forceps. These forceps have two modes — 5 
mm and 10 mm grasper modes— which are switched 
by a transformation. The 5 mm grasper mode can be 
used as soon as the forceps are inserted into the body 
cavity, similar to standard forceps (Figs. 2(a) and (b)). 
The 10 mm grasper mode can be attained by 
transformation from the 5 mm grasper mode. The 
transformation is a 180° bending motion about Axis1 
and Axis2 (Figs. 2(c) and (d)), and jaws larger than the 
port size can be operated by rotation about Axis3 and 
Axis4 (Fig. 2(e)). Additionally, the transformation is 
reversible, and surgeons can therefore use both modes 
without removing the forceps. The transformation is 
achieved via the push/pull operation of the rod 
connected to the operation interface. Because the rod is 
fixed, each grasper mode can be maintained after the 
transformation. 
Fig. 3(a) shows a joint in which the bending 
transformation is performed. The joint is composed of 
three frames and two links. Frame1 and Frame3 are 
located on either side of the arc surfaces and joined by 
Frame2. If there were no slipping in between the arcs of 
Frame1 and Frame3, the push/pull operation of Link1, 
which is connected to Frame2, can rotate the joints (Fig. 
3(b)). To ensure zero slipping in between Frame1 and 
Frame3, we adopted a wire-rope mechanism. Wire1 and 
Wire2 are alternately wound around arcs of Frame1 and 
Wire3 and prevent the frames from slipping during the 
rotation by tension to the wire ropes. 
 
 
 
 
 
 
 
 
 
Fig. 1. Two-way LITE forceps 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Proposed transformation procedure 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Transformation mechanism 
(a) 
(b) 
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2.2. Grasping mechanism 
The proposed forceps have two size graspers — 5 
mm and 10 mm— which are operated by different 
grasping mechanisms. 
Fig. 4 shows the grasping mechanism in the 5 mm 
grasper mode. This mechanism is constructed of two 
blade pulley connected to the blades and a guide pulley. 
A wire-rope is wound around two blade pulleys through 
a guide pulley, and open/close motion of the blades is 
driven by feeding the wire-rope. 
Fig. 5 shows the grasping mechanism in the 10 mm 
grasper mode. In this mode, the grasping blade connects 
a link and a grasping rod by a pin joint. Grasping motion 
is accomplished by rotation of the blade around the 
rotation axis through movement of the grasping rod 
forward or backward. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. The grasping mechanism of the 5 mm grasper mode 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. The grasping mechanism of the 10 mm grasper mode 
 
3. Developed prototype 
Fig. 6 shows a photograph of the developed forceps 
prototype, and Table. 1 lists the key specifications of this 
prototype. The sizes of both grasper modes are set based 
on those of a commercially available grasper. The 
difference in the length of the insertion part between the 
5 mm and 10 mm grasper modes is due to the 
transformation. The bending radius for the 
transformation is about 55 mm. 
We conducted an operation experiment using the 
developed mechanism and performed the transformation, 
removal and grasping motion. The transformation and 
removal of the developed forceps could be achieved 
without breakdown, and the switching operation 
between the 5 mm and 10 mm grasper modes could 
be performed smoothly. The grasping motions in the 
10 mm grasper mode could be performed smoothly. In 
the 5 mm grasper mode, the grasping motion could 
also be performed, however, in some cases, it did not be 
opened symmetrically. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Photograph of prototype of two-way LITE forceps 
Table 1. Key specifications of the developed  prototype 
Mode 5mm grasper  10mm grasper 
Length of insertion part 433 mm 378 mm
Width of blade 4 mm 9 mm
Length of blade 15 mm 25.5 mm
 
4. Discussion 
Conventional LITE forceps are not well adapted for 
detail-oriented, tasks because their end-effector is 
enlarged to ensure stable grasping of large organs. In 
addition, conventional LITE forceps require removal 
before transformation. In contrast, two-way LITE 
forceps can provide surgeons with two different-sized 
graspers through transformation without removal from 
the patient’s body and can therefore be used in a greater 
variety of procedures than the conventional LITE 
forceps. 
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Transformation between the 5 mm and 10 mm 
grasper modes in the developed prototype is performed 
by pushing or pulling a rod. This is a very simple 
operation, and therefore the transformation can be 
performed rapidly. The grasping motion in 10 mm 
grasper modes could be performed smoothly as well. 
Although the grasping motion in the 5 mm grasper 
modes could also be performed, this motion was not 
stable. A reason for this problem is the slippage between 
the grasping wire and the blade pulleys. To prevent this 
slippage, the tension for the grasping wire is required. 
In future work, the grasping force in both modes 
should be measured to assess the capability of the 
grasping forceps. We will develop an operating interface 
for two-way LITE forceps, and perform an in vivo 
experiment of motion to evaluate the effectiveness of the 
designed forceps.  
5. Conclusion 
We developed a two-way LITE mechanism aimed at 
realizing LITE forceps with multiple functionalities. The 
developed prototype of the forceps had 5 mm and 10 
mm grasper modes. The transformation between these 
modes, removal of the forceps, and grasping operation 
using the forceps could be performed without 
breakdown, and the switching operation between the two 
modes could be performed smoothly. 
In future work, we intend to perform in vivo 
experiments for evaluating the basic performance of the 
developed forceps and tests for determining the grasping 
force and transformation and removal times. 
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